Bovine colostrum (COL) has been advocated as a nutritional countermeasure to 14 exercise-induced immune dysfunction. The aims of this study were to identify the 15 effects of 4 weeks of COL supplementation on neutrophil responses and mucosal 16 immunity following prolonged exercise. In a randomised double-blind, parallel group 17 design, participants (age 28 ± 8 years; body mass [BM] 79 ± 7 kg; height 182 ± 6 cm; 18 maximal oxygen uptake [ ! VO 2 max] 55 ± 9 mL·kg-1 ·min -1 ) were assigned to 20 g per 19 day of COL (n = 10) or an isoenergetic/isomacronutrient placebo (PLA) (n = 10) for 4 20 weeks. Venous blood and unstimulated saliva samples were obtained before and 21 after 2.5 h of cycling at 15% Δ (~ 55-60% ! VO 2 max). A significantly greater fMLP-22 stimulated oxidative burst was observed in the COL group compared with PLA group 23 (p < 0.05) and a trend toward a time × group interaction (p = 0.06). However, there 24 was no effect of COL on leukocyte trafficking, PMA-stimulated oxidative burst, 25 bacterial-stimulated neutrophil degranulation, salivary secretory IgA, lactoferrin or 26 lysozyme (p > 0.05). These findings provide further evidence of the beneficial effects 27 of COL on receptor-mediated stimulation of neutrophil oxidative burst in a model of 28 exercise-induced immune dysfunction. 29
Introduction 33
It is now well established that exercise of a strenuous and/or prolonged nature can 34 lead to significant transient perturbations of immune function (commonly referred to 35 as immunodepression) which includes, but is not limited to, decreases in both cell-36 mediated and mucosal parameters (Nieman, 2007) . This ''open window'' period of 37 immune dysfunction has long been hypothesised to contribute to the frequency of 38 symptoms of upper respiratory illness (URI) in individuals exposed to prolonged 39 exercise on a regular basis (Gleeson, 2007 , Walsh et al., 2011 . Various nutritional 40 interventions have been investigated as strategies to minimise immune perturbations 41 and URI risk following prolonged exercise, but the majority lack evidence to support 42 their use (Gunzer et al., 2012) . 43 Bovine colostrum (COL) is the initial milk produced by a cow in the first few days 44 following parturition. Our laboratory, and others, have reported reduced incidence of 45 URI in exercising populations during periods of COL supplementation (20 -60 g·day Excalibur, Groningen, The Netherlands). Throughout the duration of the incremental 120 test, expired gas was analysed by the use of an online breath-by-breath gas analysis 121 system (Jaeger Oxycon Pro, Hoechberg, Germany). The test was terminated when 122 the participant's cadence fell 10 rpm below their preferred cadence for more than 10 123 s as used previously (Davison and Diment, 2010) . For each participant ! VO 2 max was 124 determined by the highest 30 s average during the test. GET was estimated for each 125 participant via the V-slope method (Lansley et al., 2011) . The exercise intensity was 126 set to the power output that would elicit 15% Δ (15% of the difference between power 127 output at GET and ! VO 2 max) which was equivalent to ~ 55-60% of the participant's 128 ! VO 2 max. The use of % Δ was used to provide a stricter control on the relative 129 intensity and limit inter-subject variability in physiological responses (Lansley et al., 130 2011). On day 21, a familiarisation trial took place to accustom participants to the 131 testing procedures and physical stress expected in the main experimental trial. 132
Participants performed a 2.5 h exercise bout on the electronically braked cycle 133 ergometer (specified above) at an intensity of 15% Δ. Expired gas was analysed 134 during the 10th, 30th, 60th, 90th and 120th min of exercise to verify that the selected 135 workrate did elicit the target intensity. Heart rate (HR) and RPE were monitored 136 every 15 min during the protocol using a telemetric device (Polar S610, Polar Electro 137
Oy, Kempele, Finland) and Borg scale respectively. 138
Experimental trial procedures 140
On day 28 of the study, participants completed the main experimental trial. During 141 the 48 h preceding the experimental trial, participants were asked to refrain from 142 heavy exercise and alcohol consumption. On the morning of the experimental trial, 143 participants reported to the laboratory at 09:00 after an overnight fast of at least 10 h. 144
The participants were asked to consume 500 mL of water 2 h before arrival to 145 encourage euhydration. Participants remained seated for 10 min prior to collection of 146 a resting blood sample from an antecubital vein and an unstimulated saliva sample 147 (see details on sampling below). Following collection of samples, participants 148 immediately commenced 2.5 h of cycling at 15% Δ. All participants were permitted 149 diluted cordial (four volumes of water to 1 volume of sugar-free cordial at 2 mL·min Haemoglobin, total and differential leukocyte counts were measured in each K 3 EDTA 165 vacutainer using an automated haematology analyser (Pentra 60 C+ Haematology 166 analyser, HORIBA Medical, Montpellier, France). Haematocrit was determined from 167 an aliquot of whole blood (heparin anti-coagulated) by a standard microcentrifugation 168 method (using a Hawksley microcentrifuge). This was used along with the previously 169 attained haemoglobin concentration, to estimate changes in blood and plasma 170 volume from pre-to post-exercise as previously described (Dill and Costill, 1974) . 171
The remaining blood in heparin vacutainers were centrifuged at 1500 g for 10 min at 172 4°C with subsequent plasma being stored at -80°C for later analysis of plasma 173 lactate and glucose concentrations using an automated analyser (YSI 2300 Stat 174
Plus, Yellow Springs, Ohio, USA) and measurement of unstimulated elastase using 175 an enzyme-linked immunosorbent assay (ELISA) kit (Merck Calibiochem, Darmstadt, 176
Germany). 177
In vitro blood neutrophil function 178 The area under the unstimulated CL curve for each sample was subtracted from the 209 mean area of the duplicate stimulated sample to determine the PMA-stimulated CL. 210
When fMLP was the stimulant used, CL was recorded every second for 300 s. The 211 unstimulated state in the fMLP was calculated as the mean CL of the well during the 212 initial 2 s prior to addition of fMLP. The area above the stable unstimulated state was 213 used to determine fMLP-stimulated CL.
To account for oxidative burst responses on a per cell basis, it was assumed that the 215 CL responses were attributable largely to the neutrophils within the samples 216 exercise. For all saliva samples the mouth was rinsed with plain water at least 10 249 min before the collection period. The participant was requested to swallow in order to 250 empty the mouth before each saliva sample. To obtain the sample, the participant 251 remained seated with the head tilted slightly forward and passively dribbling into a 252 pre weighed 7 mL sterile bijou tube while keeping orofacial movement to a minimum. 253
The final duration of collection was recorded and the tube was re-weighed to allow 254 for calculation of saliva flow rate when the density of saliva was assumed to be 1.0 255 g·ml -1 as used previously (Davison and Diment, 2010) . 256
After collection of saliva, samples were centrifuged for 5 min at 16,000 g to pellet 257 debris leaving the remaining clear supernatant to be aliquoted and stored at -80°C 258 for later analysis. All saliva samples were thawed at room temperature only once 259 prior to analysis. Following the thawing of saliva, samples were again centrifuged for 260 5 min at 16,000 g to precipitate mucins and other debris and allow for the resulting 261 clear supernatant to be analysed. With the use of a freezing point depression 262 osmometer (Osmomat 030, Gonotec, GmbBH, Berlin, Germany), saliva osmolality 263 was determined to allow for concentration of salivary immunological parameters to 264 be expressed relative to saliva osmolality. 265
Aliquots of saliva were screened for blood contamination by the determination of 266 salivary transferrin concentration using an ELISA kit (Salivary blood contamination 267 enzyme immunoassay kit, Salimetrics, State College, Pennsylvania, USA). If salivary 268 transferrin concentration was greater than 1 mgdL -1 , the sample was considered to 269 be contaminated with blood and all other salivary data for that sample was excluded 270 (except SIgA due to assay being specific to secretory IgA and hence not affected by 271 blood contamination) from the study. 
000). 318
Circulating total and differential cell counts 319
There was no time × group interaction effect or main effect of group on circulating 320 total leukocytes, neutrophils, lymphocytes, monocytes, and neutrophil:lymphocyte 321 ratio (Table 1) . A main effect of time (p < 0.001) was observed in all leukocyte counts 322 (Table 1) . There was a significant increase in total leukocytes, neutrophils, 323 monocytes, neutrophil:lymphocyte ratio from timepoints pre-exercise (Baseline and 324 pre-exercise) to post-exercise (p ≤ 0.01) and 1 h post exercise (except lymphocytes) 325 (p < 0.01). Total lymphocyte count significantly increased from baseline to post-326 exercise (p = 0.022). There was a significant increase in neutrophils, 327 neutrophil:lymphocyte ratio (p < 0.001) and decrease in total lymphocytes (p < 328 0.001) and monocytes (p = 0.036) from post-exercise to 1 h post-exercise. 329
Neutrophil responses 331
Two-way mixed ANOVA revealed a significant main effect of time (p < 0.001) for 332 fMLP-stimulated CL per neutrophil (neutrophil oxidative burst) (Fig. 1A) . (Fig. 1B) . 344 A significant main effect of time (p < 0.001) was observed for CLL -1 blood (Table 2) . 345
There was a significant increase in spontaneous CLL -1 blood compared to pre-346 exercise at post-exercise (p < 0.001) and 1 h post-exercise (p = 0.001). 347
Spontaneous CLL -1 blood significantly decreased from post-exercise to 1 h post-348 exercise (p = 0.014). There was no main effect of group (p = 0.071) or group ˣ time 349 interaction (p = 0.539) for spontaneous CLL -1 blood (Table 2) . (Table 2) .
Mucosal responses 354
There were no significant main effects of group or group × time interaction for 355 salivary SIgA or antimicrobial peptides when expressed as absolute concentration, 356 secretion rate or relative to saliva osmolality (Supporting Information Table S1-S2) . 357
There was no significant main effect of time for salivary SIgA concentration (p 358 =0.903) or salivary SIgA secretion rate (p = 0.430) (Supporting Information Table  359   S1 ). There was, however, a main effect of time saliva SIgA:osmolality (p < 0.001) 360
with post hoc analysis showing a significantly decreased saliva SIgA:osmolality from 361 baseline and pre-exercise to post-exercise (p < 0.001) and an increase towards 362 resting levels from post-exercise to 1 h post-exercise (p = 0.022). 363
Blood contamination was detected in the saliva samples from six participants, three 364 in each group, leaving n = 7 in each group for analysis of sLac and sLys responses. 365
There was a significant main time effect for sLac concentration (p < 0.001, 366
Supporting Information Table S2) Table S2 ), post hoc analysis revealed increases in sLys 376 concentration from baseline to post-exercise (p = 0.012). There was a main effect of 377 time (p = 0.009) for sLys secretion rate but no effect on sLys:osmolality (p = 0.127) 378 (Supporting Information Table S2 ). Post hoc analysis revealed an increase in sLys 379 secretion rate from baseline to 1 h post-exercise (p = 0.023). Table 2 . Spontaneous ROS production and stimulated degranulation responses and 633 in COL or PLA groups. 634
Significant main effect of time *p < 0.001). 635 
